Abstract. This study was conducted to investigate the effects of ooplasm clarification, sperm tailcutting and reduction of the polyvinylpyrrolidone (PVP) concentration in the sperm injection vehicle solution on ICSI in cattle. In vitro matured oocytes, motile spermatozoa and a piezo system were used for ICSI. In experiment 1, oocytes were centrifuged at 6,000 × g for 7 min to polarize the ooplasm lipid before ICSI. Sperm tail-cutting was carried out and the effect on ICSI was tested in experiment 2. In experiment 3, the effect of the PVP concentration in the sperm injection vehicle solution on ICSI was investigated. After ICSI, oocytes were cultured in vitro in mTALP for 15 h before fixation and observation. It was found that ooplasm clarification and sperm tail-cutting before ICSI significantly enhanced the survival rate of oocytes (92 lthough live births derived from embryos produced through ICSI have been reported in cattle by some research groups [1, 2], the efficiency of ICSI in cattle is far inferior to that in humans [3] and mice [4] . The reasons for this are generally believed to be as follows. First, the bovine sperm nucleus is structurally stable due to its richness in protamine disulfide bonds, and this stability is a drag on sperm head decondensation and male pronuclear formation [5] . Second, unlike that in human or mouse ICSI, the operation of sperm injection and the presence of a spermatozoon in the ooplasm can not provide enough stimulation to provoke oocyte activation in cattle [6] . To solve these problems, attempts have been made to induce sperm decondensation before ICSI and to activate oocytes after ICSI [5, [7] [8] [9] . These treatments seem to have improved the results of ICSI in cattle. To compare bovine oocytes and spermatozoa with those of man or mouse, it is clear that bovine ooplasm is opaque and the bull sperm head is large. This leads to extreme difficulty in proper delivery of a spermatozoon into the ooplasm and an increase in the volume of vehicle solution injected into oocytes. As a result, a delivered spermatozoon might not be in the ooplasm, or, even if it is there, the spermatozoon might be surrounded by enough vehicle solution to prevent it from incorporating with the ooplasm. In that case, no good result can be expected. If a spermatozoon is properly injected
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Materials and Methods

Oocyte preparation
Ovaries were collected from Holstein and Japanese Black Cattle at a local slaughter house and brought to the laboratory in 0.9% NaCl (w/v) at 30-35 C within 3 h. Cumulus oocyte complexes (COCs) were collected by aspirating follicles 2-8 mm in diameter with an 18-gauge needle. The COCs were then matured in Tissue Culture Medium 199 (TCM-199 with Earle's salts and glutamine; ICN Biomedicals, Inc., Costa Mesa, CA) supplemented with 10% fetal calf serum (FCS; Mitsubishi Kasei Co., Tokyo, Japan), 1 µg/ml estradiol-17β and 0.02 AU/ml porcine FSH (Antrin; Denka Chemical Co., Ltd., Japan), at 39 C in 5% CO 2 . After 22-24 h of in vitro maturation, oocytes were denuded by pipetting in 0.02% (w/v) hyaluronidase.
Sperm preparation
Straws of frozen semen from a Holstein bull were thawed in 35 C water, and a 0.1 ml aliquot of the semen was carefully layered under 1.5 ml of modified Tyrode-albumin-lactate-pyruvate medium (mTALP) supplemented with 20 µM p e n i c i l l a m i n e , 1 0 µ M h y p o t a u r i n e , 2 µ M epinephrine and 0.4% (w/v) BSA, in small round bottom tubes and incubated for 1 h at 39 C to permit the sperm to "swim-up". The sperm that had swum up into the top 1 ml in each tube were then collected and washed twice in 10 ml mTALP by centrifuging for 5 min at 500 × g.
Sperm microinjection and experimental design
A piezomicropipette-driving unit (System PMM-150FU; Prime Tech, Japan) was applied for ICSI in this study. Glass pipette preparation and sperm injection were conducted as described in previous studies [7, 8] . Spermatozoa were delivered to the center of oocytes under × 300 magnification.
Vehicle solution for sperm injection was mTALP containing 2 mM NaHCO3 and 10 mM Hepes, supplemented with 0.06% (w/v) polyvinyl alcohol (PVA; M r 30 000-70 000; Sigma) and 10%, 4% or 0% (w/v) of polyvinylpyrrolidone (PVP; Mr 360 000; Sigma).
Three experiments were comprised in this study. In experiment 1, ooplasm clarification was conducted by centrifuging oocytes at 6,000 × g [5] for 7 min and the effect was tested. Experiment 2 was carried out to investigate the effect of an attempt to reduce the volume of sperm injection vehicle solution through shortening the sperm length by sperm tail-cutting. For tail-cutting, a glass needle (20 µm in diameter), with a sharpened bevel on the tip, was used to cut the sperm tail at the midpiece by micromanipulation. Part of the midpiece, about 5 µm in length, was left with the sperm head. In experiment 3, sperm injection v e h i c l e s o l u t i o n s c o n t a i n i n g d i f f e r e n t concentrations (10%, 4% and 0%) of PVP were used for ICSI to examine the relationship between the PVP concentration and results of ICSI. Centrifuged oocytes, tail-cut sperm and 4% PVP were used in experiments without specification because this three conditions had been found to be of benefit for ICSI in preliminary experiments (data not shown). After ICSI, the oocytes were cultured in mTALP for 15 h under 5% CO2 in air, maximum humidity and 39 C. Oocytes with distinct signs of degeneration were counted and discarded. Surviving oocytes were then subjected to fixation and observation.
Oocytes fixation and observation
After 15 h of culture, sperm-injected oocytes in all of the three experiments were fixed overnight in ethanol : acetic acid (3:1, v:v) and then stained with 1% aceto-orcein for observation. The position and change in injected spermatozoa and the status of oocyte nuclei were recorded. It was considered that ICSI was a failure if the injected spermatozoon was found outside the ooplasm or surrounded by a drop of PVP solution in the ooplasm. Male and female pronuclei (MPN and FPN) were identified by their positions relative to the remaining sperm tail or midpiece (in the case of injection of tail-cut spermatozoa) and to the second polar body of the oocyte. 
Statistical analysis
Results
Experiment 1. Effect of ooplasm clarification by oocyte centrifugation
As shown in Table 1 , the percentages of oocytes surviving after the injection procedure and oocytes containing an MPN plus an FPN were higher in the centrifugation treated oocytes than in the noncentrifuged control (92.0% vs. 67.7% and 87.6% vs. 57.8%: p<0.001, respectively). Ooplasm clarification also increased the success of sperm injection by decreasing the number of ICSI failures. Fewer oocytes contained an unchanged spermatozoon in a PVP drop (2.3% vs. 19.8%: p<0.001) or outside the o o p la s m ( 5 . 5 % v s . 2 1 . 0 % : p < 0 . 0 0 1 ) i n t h e centrifugation group than in the non-centrifugation treated control.
Experiment 2. Effect of sperm tail-cutting
When tail-cut spermatozoa were used for ICSI, the rates of oocytes surviving after ICSI and oocytes containing an MPN plus an FPN were higher (94.8% vs. 77.3% and 86.6% vs. 67.7%: p <0.001, respectively) and the percentage of oocytes with a spermatozoon in a PVP drop was lower (3.1% vs. 28.3%: p <0.001) than in the case of whole-sperm injection (Table 2) .
Experiment 3. Effect of polyvinylpyrrolidone (PVP) concentration in injection vehicle solution
The results of experiment 3 are shown in 
Discussion
This study has demonstrated that technical improvement by clarifying the oocyte cytoplasm, cutting the sperm tail and reducing the PVP concentration can significantly benefit ICSI in cattle.
Centrifugation of bovine oocytes at 6,000 × g for 7 min can clearly polarize the ooplasmic lipid and provide fine visibility for the ICSI operation. We found that it was very easy to detect in a clarified oocyte puncture of the oolemma with the injection pipette and delivery of a spermatozoon into the ooplasm. Clarification of the ooplasm was also helpful in minimizing the volume of PVP solution injected into oocytes. As a result, ICSI failures were fewer in centrifuged oocytes. Rho et al. [5] and C h u n g e t a l . [ 9 ] h a v e a l s o r e p o r t e d t h a t centrifugation of oocytes at 6,000 × g for 5 min can facilitate sperm injection. Polarization of ooplasmic lipid in bovine oocytes by centrifugation has been reported to be harmless to in vitro fertilization [5] and subsequent development [10] . Tail-cutting of spermatozoa can shorten the sperm length from 50-70 µm to about 10 µm. This can greatly reduce the volume of PVP solution i n j e c t e d i n t o o o c y t e s w h e n ex p e l l i n g t h e spermatozoa into the ooplasm during ICSI. We found it is much easier to aspirate tail-cut spermatozoa than whole sperm into the injection pipette and to inject them into oocytes. Tail-cutting could also damage the sperm plasma membrane and this is believed to be advantageous for sperm head decondensation and MPN formation [11] .
PVP has been widely used at a concentration of 10% for ICSI to slow down the movement of sperm and to facilitate smooth movement of sperm inside the injection pipette, but this substance should not be regarded as completely inert. Studies have revealed that PVP causes some delay between sperm injection and the beginning of calcium oscillation [12] , and stabilizes the sperm plasma membrane, therefore making the sperm nucleus inaccessible for agents involved in sperm nucleus decondensation and oocyte activation [11] . In the present study, by decreasing the concentration of PVP, higher rates of MPN and FPN formation have been achieved. This is perhaps because the detrimental effect of PVP had been alleviated when the concentration of PVP was reduced. Another possible reason is that the vehicle solution containing less PVP is less thick and might dissolve more quickly into the surrounding ooplasm after sperm injection. If so, better contact of the injected spermatozoon with the ooplasm should be achieved and the sperm-oocyte reaction would therefore be promoted. But when the concentration of PVP was decreased, the sperm injection operation became difficult. This led to decreasing the oocyte survival rate after ICSI. We found the lowest PVP concentration for ICSI under good control is 4%.
From this study it can be concluded that technical improvement can greatly enhance the results of ICSI in cattle. A further study on embryonic development of bovine oocytes after technically improved ICSI is now under way in our laboratory. 
